Mitral valve prolapse (MVP) is a relatively common valvular heart disease and is known to have a benign course. However, a certain subtype of MVP has a pathologic prognosis and can be accompanied by malignant cardiac arrhythmia causing sudden cardiac arrest, which can be characterized by bileaflet mitral valvular thickening and prolapse and frequent premature ventricular ectopic activity upon electrocardiography. Herein, we present two patients with bileaflet mitral prolapse who survived aborted sudden cardiac arrest. These cases show a precise MVP diagnosis that may prevent a devastating life event with the unique MVP subtype.
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The prevalence and cause of sudden cardiac arrest are different in young individuals compared to older subjects. Although acute coronary syndrome is the most common cause in old age, an inherited or congenital cause is more common in young people. Brugada syndrome, congenital long QT syndrome, and hypertrophic cardiomyopathy are well-known examples of such acute coronary issues [1] . However, mitral valve prolapse (MVP) is not a familiar diagnosis for sudden cardiac arrest. Within the short interval of 1 month, we experienced two cases of aborted sudden cardiac arrest combined with bileaflet MVP. These two cases show a precise diagnosis of MVP and cautious approach in managing its unique subtype, bileaflet MVP, which together may prevent a disastrous event of sudden cardiac arrest.
CASE REPORTS

Case 1
A 26-year-old woman without any medical history suddenly collapsed while she was walking. Her friends called 119, and basic life support was started in 5 minutes. An automated external defibrillator (AED) was applied three times because the cardiac rhythm showed ventricular fibrillation. Spontaneous circulation returned after 10 minutes of cardiopulmonary resuscitation (CPR). When the patient arrived at the emergency room of Korea University Anam Hospital, a 12-lead electrocardiogram (ECG) showed a sinus rhythm. There was no evidence of cerebral hemorrhage, infarction, or myocardial ischemia on brain computed tomography and 12-lead ECG. The patient was admitted to the intensive care unit (ICU) and underwent targeted temperature management. Forty-eight hours later, the patient regained full consciousness.
To evaluate the cause of cardiac arrest, ECG was continuously monitored via telemetry during ICU admission. Frequent premature ventricular contraction (PVC) in the bigeminy pattern and T wave inversion in the inferior leads were observed ( Figure 1 ). QT was mildly prolonged up to 484 ms. However, an epinephrine challenge test to evaluate long QT syndrome showed a negative result. Echocardiography showed bileaflet mitral prolapse and moderate mitral regurgitation. Both valvular leaflets were thickened with myxomatous change, and the posterior mitral leaflet was elongated. During systole, the mitral annulus was backwardly displaced and separated from the atrial aspect of the left ventricle (mitral annular disjunction), and the posterior mitral ring moved backward exaggeratedly and adjacent to the posterior left ventricular wall (curling). The inferomedial papillary muscle was hypertrophied, and the myocardial figure of the inferior wall looked abnormal ( Figure 2 ). In cardiac magnetic resonance (MR) imaging, the abnormal movement of mitral annulus, hypertrophied papillary muscles, and abnormal figure of the left ventricular inferior wall were consistently observed with a focally thinned left ventricular basal inferior wall, where it was adjacent to the base of the hypertrophied papillary muscle. Although it was not very prominent, the signal intensity was inhomogeneous in that lesion upon late gadolinium imaging, which suggested the presence of damaged myocardium ( Figure 3 ).
Case 2
A 33-year-old pregnant woman suddenly collapsed in court after complaining of palpitation. No pulse was detected, and bystander CPR was started by a civil servant who was educated in basic life support. After electrical shock administered by an AED, spontaneous circulation was returned. When the patient arrived at the hospital, she was confused but cooperative, and ECG showed a sinus rhythm with T wave inversion of the inferior leads and prolonged QT interval. Frequent PVCs and nonsustained ventricular tachycardia were documented on Holter ECG. However, epinephrine challenge test showed a negative result. However, upon echocardiography, moderate to severe mitral regurgitation with bileaflet MVP was found. The inferomedial papillary muscle was hypertrophied, and mitral annular disjunction and curling were also observed. 
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There was no evidence of myocardial fibrosis on cardiac MR. Both patients were diagnosed with bileaflet MVP combined with ventricular fibrillation. They were fully recovered and dis-charged with β-blocker after placement of an implantable cardioverter defibrillator.
DISCUSSION
Within a short time interval of 1 month, two young women presented to our hospital with sudden cardiac arrest as their first sigh of cardiac disease and received ICU management. Interestingly, both patients presented bilateral mitral prolapse with moderate to severe regurgitation on echocardiography and T wave inversion of the inferior ECG leads. The patients had no family history of sudden cardiac arrest or inherited cardiac disease. Therefore, we had high suspicion of MVP as the cause and reviewed similar cases.
MVP is a common valvular heart disease. The prevalence of MVP has been reported in 2.4%-6% of the general population [2] [3] [4] , and the natural course is benign in most cases. However, MVP is also known to cause cardiac complications such as atrial fibrillation, congestive heart failure, endocarditis, and stroke when the degree of mitral regurgitation is significant. Ventricular arrhythmia and sudden cardiac arrest have been reported as a result of MVP in a very small percentage of cases [5] . Interest has been focused recently on such patients with MVP and ventricular arrhythmia as the cause of sudden cardiac arrest [6, 7] .
It is difficult to know the exact prevalence of pathologic arrhythmic events among MVP patients because most of the patients show a benign course and are not diagnosed before symptom presentation. Therefore, sudden cardiac arrest can occur as the first presentation of the disease. Cardiac arrest has been reported to occur at 0.2%-0.4% per year in patients with MVP [4] . These patients occupy 2% of out-of-hospital cardiac arrest survivors and 7% of sudden cardiac arrest survivors younger than 40 years [5, 6] . Occurrence in females was much more common [8] , and MVP causing a pathologic arrhythmic event typically showed bileaflet prolapse or otherwise involved the posterior leaflet rather than the anterior leaflet. Thickening of the involved leaflet with myxomatous change and elongation of papillary muscle and/or chordae were also observed. Structural changes of the mitral apparatus combined with hypermobile mitral annular movement cause significant mitral regurgitation and structural changes of the left ventricle. ECG typically shows frequent PVCs and T wave inversion of inferior leads [5] . Studies using cardiac MR imaging showed focal hypertrophy or fibrosis of the inferobasal wall of the left ventricle or papillary muscles [6] , which can become the substrate of ventricular arrhythmia. The prevalence of PVC and ventricular tachycardia in survivors of outof-hospital cardiac arrest were significantly greater in patients with bileaflet MVP than in patients with unileaflet MVP, and their origin of arrhythmia was the papillary muscle [5] .
Sudden cardiac arrest is a rare but devastating event to the patients themselves and their family members. Even upon survival, the resultant complication may cause disability, which increases social cost and family burden, especially when af-flicted individuals are young. Therefore, control of known risk factors of sudden cardiac arrest in the young population is very important. Currently in Korea, the diagnosis of MVP is increasing with active general medical examination programs. The selection of patients at higher risk of sudden cardiac arrest among MVP patients and their proper management will contribute to reducing the rare but serious event.
